Globally wheat trade has a major and impacting role in political and economic relationships between nations. Twelve pre-green revolution and post green revolution wheat genotypes viz., Sehr-06, Pasban-90, C-273, Pari-73, SA-42, Fsd-08, Chenab-70, Blue Silver, Lasani-08, Pak-81, Uqab-2000, and Pothowar-73 and their direct and reciprocal crosses were evaluated. The study concluded significant differences and highest values in heterosis, heterobeltiosis and potence ratio were found among genotypes and their cross combinations for pollen viability (Sehr-06 Blue Silver), flag leaf area (SA-42 Fsd-08), number of grains per spike (Pak-81 Lasani-08) and grain yield plant -1 (Chenab-70 Fsd-08). Under changing climatic condition and limited water provision an amalgamation of pre-green revolution and post green revolution may provide a genetic diversity to break the stagnant yield barrier to ensure food security.
INTRODUCTION
Wheat (Triticum aestivum L)) is grown almost all over the world; from Russian Federation, China, the U.S., India, Australia, and Turkey, Pakistan, North Africa, the Near and Middle East, Italy, France and some areas of Canada it is grown successfully [1] . However in developing countries it is considered as the cheapest source of daily diet. Wheat is a staple food item of Pakistani people; therefore, it is grown in almost every part of the country. It contributes 13.1 percent to the value added in agriculture and 2.8 percent to GDP [2] . Historically it is grown in different parts of geographical centers nearly 10,000 years [3] . Wheat the primarily used for making chapatti, and lot of other fast food items which are more commonly liked to eat by Pakistani community, usually three times a day especially in rural areas. Its multidimensional uses, height of nutrition, efficient storage qualities and easy asses to poor and rural communities have made it an eternal food world's burgeoning population [4] . Wheat is a rich source of essential human diet ingredients like 70% carbohydrates, 12% protein, 22% crude fibers, 2% fat, 12% water and 1.8% minerals. The estimated quantum of wheat production is 23864 million tons which shows 0.7 % decline than last year [5] . Wheat is also used as multiple food and nonfood raw material in some industries such as stiffening or surface coating agent in paper industry, as an adhesive in the *Address corresponding to this author at the Department of Plant Breeding and Genetics, University College of Agriculture, University of Sargodha, Pakistan; Tel: 00923006600301; E-mail: ijazphd@yahoo.com manufacturing of corrugated boxes, as fermentation substrate, in the production of vitamins, antibodies, etc. [6, 7] .
Pakistan is almost self-sufficient in wheat production but unluckily per acre yield is still less than neighboring and other wheat producing countries, having lot of reasons, one of which is poor water management [8] . Rapidly increasing population of Pakistan is also a serious threat towards our wheat breeding programs to amplify per acre yield. The quantum jump in research and development and evolution of new wheat genotypes decorated with high yield potential, early maturity and stress tolerance, which can plug our prospect need gaps [9] . The major limiting factors in food production throughout the world as well as in Pakistan are environmental stresses. No part of world is fully protected against environmental stresses which shared as (71%) of yields reductions [10] . Heterosis is considered as the best tool to increase or break the yield barriers [11] . This strategy was common in cross pollinated crops but it can also be a beneficial approach for self-pollinated crops like wheat [12] . Under the changing climatic conditions, water will be the most important factor in our crop production system [13, 14] . Plant breeders will have to evolve such type of varieties which can bear water stress condition without losing its yield potential [15, 16] because the growth and development of wheat grain merely reliant on its assimilates [17] [18] [19] . The pre-green revolution wheat varieties are considered a broad based genetic architecture and full of resistance against environmental stresses [20, 21] . Keeping in view this study was initiated to estimate the hidden level of heterosis, heterobeltiosis and potence ratio of some representative genotypes and their further crosses to assess their level of water stress tolerance.
MATERIALS AND METHODS
The study comprising both field as well as pot experiment was conducted at the research area of Pak-81. In next crop season (2010-11) the parents and F 1 hybrid crosses were sown in pots with two treatments (Normal irrigation and water stress) and three replications using completely randomized design. To save from animal and rain water the pots were placed under net, easy to cover with water proof polythene sheet. After 163 DAS, at maturity the data was recorded.
Gametophytic Resistance Against Water Stress
Pollen viability or fertility was used as an index of drought resistance. Pollen from parental and hybrids were collected to ascertain pollen fertility at flowering stage (110 DAS). Pollens from water stress treatment each selected plant were collected and placed on glass slide and stained with aceto-carmine 1%. These pollens were kept under examination at 10x microscope. Fertile pollen grains were turned into black colour, while sterile pollen grain remained colorless. Number of sterile pollens was counted to determine the sterility due to stress.
Flag Leaf Area (cm 2 )
When the leaves were fully turgid at booting stage in the morning hours, the mother shoot leaves were collected from selected plants. Maximum length and width was recorded. Then flag leaf area was measured by using the formula given by [24] .
Flag leaf area = Maximum width length 0.74
Number of Grains Per Spike
The spike of the selected plants was harvested and threshed manually to get the grains. These grains were then counted for further analysis.
Grain Yield Per Plant (g)
Each selected plant was harvested manually, threshed and grains obtained were kept separate in bags which were labeled to avoid mixing of the grains of different plants. The grains were weighed by the help of an electronic balance.
Harvest Index %
Harvest index is the ratio of economic yield to total biomass of the crop plant. Harvest index for each of the genotype was computed using the following formula:
Harvest index=,grain yield per plant-biomass of the plant. x 100
Analysis of Variance
Statistical analysis was done by using the analysis of variance technique in completely randomized design with two factors i.e., genotypes and water regimes [25] . Significant differences were further subjected to least significance difference test (LSD). The percent increase or decrease of F 1 hybrids over mid parent as well as better parent value was calculated to estimate possible heterotic effects following [24] .
%age Ht=F-1. M.P-M.P. 100 %age Hbt=F-1. B.P-B.P. 100
Where, Ht = Heterosis, Hbt = Heterobeltiosis, M.P = Mid Parent Value, B.P= Better parent Value,
Potence Ratio
To estimate the dominance behavior, the potence ratio was determined by the formulae: Potence ratio=,,F -1. M.P -B.P M.P.' and t' Test, was manifested to determine whether F 1 hybrid means were statistically different from mid parent and better parent value. The t-value for heterosis was calculated following the formula: tij = F1ij -M.P ij (3/8 EMS)1/2While The t-value for heterobeltiosis was calculated following the formula: tij = F1ij -B.P ij (1/2 EMS)1/2
Where F1 ij = The Mean of the ij th F 1 cross, M.P ij =
The mid parent for the ij th cross B.P ij = The better parent values for ij th cross, EMS = Error mean square
RESULTS AND DISCUSSIONS
The analysis of variance for pollen viability is shown in Table 2 which indicated highly significant (P 0.01) differences among the genotypes and due to parents, crosses and parents vs. crosses. The individual comparisons of means of all the genotypes indicated that among the parents the genotype SA-42 has the highest percentage for pollen sterility and the parent the genotype Lasani-08 showed the lowest percentage for pollen sterility. Among the F 1 hybrids the cross SA-42
Fsd-08 has shown the highest percentage for pollen sterility and cross Sehr-06
Pasban-90 has shown the lowest percentage for pollen sterility. Heterosis for pollen sterility of the crosses showed (Table 3) the significant increase over their mid parents and thus showed significant heterosis (P 0.05).
Better parents were considered having lower mean value for pollen sterility. Negative heterosis was considered to be superior. The highest negative heterosis and heterobeltiosis for pollen sterility was shown bySehr-06
Blue Silver. Therefore, this cross has shown the highest tolerance against water stress. The potency ratios of all the crosses are explained in Table 6 . Eleven crosses showed heterosis due to over dominance effect. Other crosses showed partial or no dominance effect. Gametophytes are known to be highly sensitive to the water stress in wheat and other crop species [27] . Therefore they may be considered as marker of drought tolerance or water stress Where **= (P 0.01) Highly significant.
sensitivity [28] . Results of the present study showed significant differences among the wheat parents for pollen sterility indicating differential tolerance role for water stress. Previous studies have also shown significant differences among the genotype for pollen sterility [29] . When parents were mated they produced a few hybrids with significant low mean value for pollen sterility which was also indicated from significant negative heterosis manifested by the crosses showing feasibility for the development of drought tolerant hybrids. When the pollen sterility % and yield per plants of hybrids was regressed, it gave significant negative relationship (R 2 =0.34) among the two traits showing that selection for the lower pollen sterility would also enhance yield and high yielding genotypes may be selected through lower pollen sterility under water stress conditions.
Flag Leaf Area
Flag leaf area has a major role in the nourishment of the spike as it carries out the highest photosynthetic activity. Plant breeders generally prefer for the Total missing
Genotypic differences were highly significant (P 0.01).
ideotypes, having higher flag leaf area. The analysis of variance for flag leaf area (Table 4) showed highly significant (P 0.01) differences among the genotypes and due to its components i.e., parents, their hybrids and the contrast between parents and crosses. Highly significant differences were shown (P 0.01) between water regimes and interaction between genotype water regimes. However there were non-significant variation (P 0.05) due to parents water regimes and crosses water regimes. Individual comparisons (Table 5) showed that the parent genotype Pak-81 showed the highest mean value for flag leaf area, while the parent genotype Lasani-08 showed the lowest mean value for this trait. Among the crosses, Pasban-90
Pak-81 showed the highest flag leaf area while the lowest value was shown by Sehr-06 Blue Silver for this trait. Five crosses showed an increase over mid parental values with significant (P 0.01) positive heterosis ( Table 5 ).
The potency ratios are depicted in Table 7 . Eleven crosses showed over dominance effect and the range of over dominance is from -1.14 (Pothowar-73 Uqab-2000) to -9 (Blue Silver Sehr-06). Blue Silver Sehr-06 and SA-42 Fsd-08 have great potential to be used in breeding for flag leaf area as it showed the highest values of heterosis and heterobeltiosis [30, 31] . Despite significant variation among the parents and hybrids, performance of the genotypes was not significantly affected by the contrasting water regimes as indicated from non-significant (P 0.05) genotypes water regimes, parents water regimes and crosses water regimes [32] also found non-significant ranking among the wheat genotypes for yield components such as flag leaf area due to treatments. This showed that parents and crosses ranking was not changed significantly over the contrasting water regimes indicating that genotypes may have buffering capacity that resist the change in the mean value over various water regimes for this trait [32, 33] .
Grains Per Spike
It is also a very important trait that affects the grain yield of any genotype. The analysis of variance for number of grains per spike (Table 4) showed that overall genotypes are highly significant (P 0.01) due to its components parents and crosses but the contrast between parents vs. crosses gave non-significant (P 0.05) results. Highly significant variation (P 0.01) was found between the water regimes due to contrast genotype, parents, crosses and crosses water regimes. Among the F 1 hybrids Sehr-06 Blue Silver has the highest value for this trait and SA-42 Fsd-08 showed the lowest mean value for number of grains per spike in water stress condition. For heterosis over the mid parent under normal condition ( Table 6 ) seven crosses showed an increase over their respective mid parents. And all of them showed significant heterosis (P 0.05). The heterosis value ranged from 18.13% (Sehr-06 Pasban-90) to 62.30% (Pak-81 Lasani-08-08). As far as heterosis over better parent is concerned all the crosses showed non-significant results (P 0.05) for this trait.
The potence ratio table for grains per spike (Table  7) showed that almost all hybrids except two crosses showed heterosis due to over dominance effect. In water stress condition three crosses showed an increase over their mid parental values and the range of heterosis was from 41.24% (Pothowar-73 Uqab-2000) to 66.69% (Sehr-06 Blue Silver). Two crosses showed an increase over their respective better parents and significant positive heterobeltiosis (P 0.05) over their respective better parents. The highest heterobeltiosis was shown by the cross Sehr-06 Blue Silver. In water stress twelve crosses showed heterosis due to over dominance effect, other crosses showed no dominance effect. The highest value for over dominance effect was shown by Sehr-06 Blue Silver. Number of grains per spike is the most important yield contributor in wheat. Studies have indicated the highest direct effect of this trait on grain yield per plant [34] . The highest heterosis and heterobeltiosis magnitude was available under water stress as compared to nonstress condition indicating the potential of hybrid wheat breeding for drought proned environment. Previous finding have shown the potential for wheat hybrids under water stress conditions [35] . Hybrids may be more suitable for stress environment because of their broad genetic base helping them to cope up the vagaries of the environment. Significant heterotic effects have been identified in crosses Sehr-06 Blue Silver and Sehr-06 Pasban-90. These crosses may be exploited for hybrid seed production on commercial scale basis for wheat cultivating areas under water shortage conditions.
For the trait grain yield per plant nine crosses showed an increase over their respective mid parents under normal condition. Theses crosses showed significant heterosis (P 0.05) and three crosses showed an increase over the better parent. Whereas under water stress conditions the cross Chenab-70 Fsd-08 has great potential to be used further because of its highest value for heterosis. Similar results have been revealed by earlier researcher [36, 37, 38] . For harvest index difference among the genotype may arouse from the contrast between parents crosses, indicating that overall parental mean was significantly different from crosses. Overall parental mean averaged over water regimes was 37.53, while crosses mean was 48.78. Thus, of mid parental heterosis of 30% was obtained for harvest index.
CONCLUSIONS
The study concluded that a genotype arose from the best combination (Sehr-06
Blue Silver) have best pollen viability may be used for water stress tolerance. The flag leaf area, (SA-42 Fsd-08) number of grains (Pak-81 Lasani-08) tends to be the yield contributing traits by Fsd-08) striking the heterotic exhibition. The highest heterosis and heterobeltiosis shown genotypes can be exploited in future breeding programs to attain self-sufficiency in food grains
